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Abstract 
In this paper, according to the characteristics of rural solid waste logistics system and process, the ecological footprint 
evaluation method and model for rural solid waste disposal has been established, and taken Yuhong district of 
Shenyang as an example, the results showed that the ecological footprint of rural solid waste disposal was 226.95hm2, 
in which, the ecological footprint of livestock manure was 185.31hm2, which accounted for 81.65% of the total 
results, indicating special management measures should be taken on livestock manure to release the negative 
environmental effect. 
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1. Foreword 
With the development of economic and the growth of population, the quality of rural solid wastes such 
as rural living garbage, livestock farm waste, straw, plastic film for agricultural are increasing and the 
harm to the environment is becoming serious, therefore the rural solid waste treatment and resource 
recycling has been paid more and more attention. Rural solid waste mainly come from four aspects, first, 
the farmland and orchard residues, such as straw, grass, leaves, vines; second, the manure of livestock and 
poultry, and the statistics showed that the total production of livestock manure reached 1.73 billion tons in 
2000, which was 2.7 times higher than the production of industrial waste in the same year; third, the 
agricultural waste such as plastic film and so on, and it has been estimated by the Ministry of Agriculture 
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that the remnant  of plastic film added up to 90̚135 kg/ hm2 in some area;  last, the human excrement 
and  municipal solid waste.   
Some researchers had been working on the management and treatment of rural solid waste, however, 
few studies was done towards the ecological footprint of disposing the waste[1]. The treatment and 
disposal of rural solid waste will occupy land and consume resources as well as releasing waste gas and 
water to the environment, which will reduce the ecological capacity of the environment, so, the ecological 
footprint account of disposing waste should be set up according to the necessary calculation to reflect the 
effect of human life to the environment in a broader way. 
2. The study area and the data 
The study area for this research is the Yuhong district of  Shenyang  Province, China, ranging from 123
e02Ąto 123e29ĄE and from 41e36Ąto 41e59ĄN, with a total area 499 km2,  and the total area is 
499km2.With the rapid development of the economy, the total output value of agriculture was growing 
continuously in the last years,  in which planting and stock farming were the primary industry, so the rural 
solid waste mainly came from agricultural plastic film, livestock manure, crop straw and municipal solid 
waste. The utilization amount of plastic films grew to 1582 tons in 2010 and the production of crop straw, 
livestock manure and municipal solid waste reached 210,000, 28689 and 111069tons respectively in 2010. 
The rural solid waste flow of Yuhong district was shown in figure 1, the comprehensive utilization 
ratio of livestock manure reached 99.7%, in which 90% was utilized in compost and organic fertilizer, the 
others was used in biogas production; the 96% of crop straw was used as fertilizer or returned to field. The 
plastic film was not disposed in the field, which caused white pollution on site; half of the municipal solid 
waste was collected and transferred to landfill while another half was discharged without treatment. 
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Fig 1 The material flow analysis of rurual solid waste in Yuhong 
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3.  Research method 
3.1. The Ecological Footprint method 
The Ecological Footprint (EF) was proposed by WilliamRees in 1992[2-3]. Ecological footprint 
represented the human demand on biologically productive areas of different land types. The general 
calculation formula was shown below, mainly calculated the ecological footprint of computational 
resources.  
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Where EF was the total ecological footprint, N was the population, ef was the per capita ecological 
footprint , Ci was the per capita annual consumption of  i consuming items( among them, i=1, 2, 3, 4, 5, 6 
respectively represent the fossil energy land, arable land, pasture, forest, water area, built for the 
corresponding ecological production ), EPi was the average productivity (kg/gha) of producing the ith 
consumption item for corresponding biologically productive area , Pi was the per capita annual production 
capacity of the ith consuming items, kg/person; Ii was the per capita annual import volume of the ith 
consuming items, Ei, was the per capita annual export volume of the ith consuming items. 
3.2. The ecological footprint method based on solid waste disposal 
The ecological footprint based on solid waste disposal was the ecological productive area consuming 
human produced wastes, which mainly reflected the ecological footprint of all the resources' consumption 
and environmental pollutants generated in the processing stage of solid waste disposal, as well as the land 
ecological footprint occupied by solid waste non-processing part. The calculations of ecological footprint 
were based on the following steps: 
Corresponding the solid waste with the ecologically productive lands 
Considering the waste disposal process was very complicated, when calculating the consumption 
ecological footprint of some solid waste, the major environmental pollutants and the energy consumption 
in waste processing stage were generally chosen as the corresponding ecological footprint's components. 
Table1. The corresponding ecological footprint table of solid waste stream 
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Category Treatment process The consumed resources and 
released pollutants 
ecologically productive lands 
Compost Consuming power,releasing 
polluted air 
Cultivated land, forest land, 
fossil energy land 
Biogas production Consuming power,releasing 
polluted air 
Forest land, fossil energy land 
 
livestock manure 
Unused Land occupation, greenhouse gas 
emissions 
Cultivated land, forest land 
Silage Silage machine consuming  
gasoline  
Fossil energy land 
Mechanical method Straw crushing machine consuming 
power  
Fossil energy land 
Crop Straw 
Collection and transport Landfill disposal plant greenhouse 
gas emissions, pollution gas 
 Forest land 
Municipal Solid waste Un-treated Land occupation Cultivated land 
Agricultural Plastic Film Un-treated Land occupation Cultivated land 
x The ecological footprint model based on solid waste consumption 
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Where EFx was the total consumption ecological footprint of solid waste, EFi was the ecological 
footprint of the ith solid waste, 1O  was the fossil energy balance factor, 2O  was cultivated land balance 
factor, 4O  was the forest balance factor, P was the treatment method, 0.525 was Unit power consumption 
of raw coal (kg/kw噝h), Mp was the energy consumption of the Pth method (kw噝h); Ael, ecological 
footprint of Coal units(hm2/t), NP was the fuel consumption quantity of the Pth method(L), 0.75 was the 
Gas density(kg/L), Ae2 was the ecological footprint of petrol units(hm2/t), Qi was the non-treated I solid 
waste volume(t), EQ was the Piled solid waste amount per unit area of land(t/hm2), Qp was the treatment 
amount of P method(t), Cjp was the Jth polluted air amount per unit solid waste of P method(kg), EPj  was 
the global forest average absorption capacity of the jth kind of pollution(kg/hm2). 
Parameter selection 
The calculation method of balance factor: a kind of equivalent factor of ecological productive land 
meant the average ecological production of the global ecological productive land /the average ecological 
production of the global kinds of ecological productive land. This paper referred to the factors proposed 
by World Wide Fund for nature(WWF)in 2006: fossil energy balance factor was 1.34ˈcultivated land 
balance factor was 2.21, forest equilibrium factor was 1.34Ǆ 
According to the Mathis Wackernagel et al's calculation[4], the ecological footprint of gasoline 
Ae2=0.4637hm2/t, the ecological footprint of raw coal Ael=0.3806 hm2/t. According to the research 
results of Xie Hongyu et al, the Ikw•h thermal power consumed 0.525kg raw coal[2] , the average CO2 
absorption ability of global forest , EP1=13968.5kg/hm2; Bai Yu et al's corresponding results showed that 
the average CO2 absorption ability of global forest , EP2=152.05kg/hm2ˈthe average NOx absorption 
ability of global forest , EP3=380kg/hm2. 
This study suggested that the non-harmless treated solid wastes were often stacked on the city fringe 
area and occupied large amount of land, which most were cultivated land with production capacity, so the 
stacked solid waste amount per unit land was introduced to measure the ecological footprint of cultivated 
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land. Based on the related assessment, the suitable stocked solid waste amount per unit land in China was 
about 109000t/ hm2[5-6]Ǆ 
4. Result and analysis 
According to the relevant information, composting process of livestock manure consumed energy 
about 3 kWh/t[7]ˈreleased the amount of CO2 , SO2 and NOx was about 36.2kg/t, 0.03 kg/t and 0.04 kg/t 
respectivelyˈproduction process of biogas consumed the total energy was approximately 1.86kWh/t[7]ˈ
release the amount of CO2, SO2 and NOx was about 233.62kg/t, 0.02 kg/t and 0.01 kg/t respectivelyˈCO2 
emission amount of per unit unused part was 80. 5 mg / ( kg噝h),calculated by 7 days, the total amount was 
about 11.9kg/t;45t/h silage of straw consumed 3.4L/h gasoline, the total energy consumption was about 
0.076L/t; straw crushing machine consumed 30KW/h power ,crushing stalk rate was 30t/hˈthe total 
energy consumption was 1kw噝h /t and untreated parts occupy cultivated land; during garbage was 
collected and transported to the landfill, greenhouse gas and polluted gas would be released, for example 
CO2 emission amount was 1.56kg/person/year, SO2 emission amount was 1.57*10-4 kg/person/yearˈNOx 
emission amount is 5.277*10-4  kg/person/year[9]ˈ if the per capita living garbage output of the 
agricultural population was calculated in accordance with 1.7kg/person•day, the total emission amount of 
CO2, SO2 and NOx would be 2.51kg/t 0.25*10-3 kg/t and 0.85 *10-3 kg/t respectively; unused part and 
untreated agricultural plastic film were calculated as occupied land. All the results were shown in table 2. 
Table2. The calculation results of corresponding ecological footprint  
Category Treatment 
process 
Energy Consumption
 
CO2 release
/kg•t-1 
SO2 release 
/kg•t-1 
NOx release 
/kg•t-1 
Land occupation 
Compost 3 kWh •t-1 36.2 0.03 0.04 10.9 
Biogas 
production 
1.86 kWh •t-1 233.62 0.02 0.01 10.9 
livestock 
manure 
Unused - 11.9 - - 10.9 
Silage 0.076L/t - - - 10.9 
Mechanical 
method 
1 kWh •t-1 - - - 10.9 
Crop Straw 
Unused - - - - 10.9 
Municipal Solid 
waste 
Collection and 
transport 
- 2.51 0.25*10-3 0.85 *10-3 10.9 
 Un-treated - - - - 10.9 
Agricultural 
Plastic Film 
Un-treated - - - - 10.9 
Table3. The consumption ecological footprint of solid waste in the rural area of Yuhong District of ShenYang 
An example of a column heading Livestock 
manure 
Crop straw Municipal 
Solid waste 
Agricultural 
plastic film 
Total (hm2) 
Fossil energy footprint (hm2) 22.12 26.63 - - 48.75 
Cultivated land footprint (hm2) 0.17*10-2 0.17 1.13 0.03 1.33 
forest footprint (hm2) 163.19 - 13.68 - 176.87 
Total (hm2) 185.31 26.80 14.81 0.03 226.95 
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The table 3 showed that the consumption ecological footprint of rural solid waste in Yuhong District 
was 226.95hm2, of which livestock and poultry manure footprint accounted for 81.65% of the total 
consumption footprint and that meant larger emission of livestock and poultry manure in this district. The 
result showed that the forest footprint accounted for 88.06% of the total livestock and poultry manure 
consumption footprint also suggested that larger amounts of greenhouse gas and polluted gas were 
released in the treatment process of livestock and poultry manure. 
In recent years, the burning of straw had been under control and straw had been mainly used for the 
fuel and fertilizer, the released polluted gas could be negligible and only counted the cost of electricity 
and gasoline in the recycling process, the result showed that the fossil energy footprint was 26.63hm2 and 
the occupied cultivated land footprint of unused straw was 0.17hm2; 50% untreated living garbage was 
stacked to the village taking up farmland area, the forest footprint of other released polluted gas in the 
landfill process was for 13.68hm2, which accounted for 1.13hm2 cultivated land footprint; because of the 
pollution composition's uncertainty of the agricultural plastic film, only considering the occupied land of 
agricultural plastic film, the proportion of the consumption footprint of agricultural plastic film was the 
least. 
5. Discussion 
Consumptive ecological footprint was based on the premise of the theory of the ecological footprint. It 
was proposed and calculated by the needed ecologically productive land for disposing waste. The current 
study only concerned with the calculation of consumptive footprint whose waste generated in rural solid 
waste processing stage. The study could also be utilized in calculating consumptive footprint between 
different waste disposal methods, such as composting, landfill, incineration. Furthermore, it could be used 
to evaluate and compare the environmental impact of different processing ways. The method provided the 
theoretical basis for decision making on waste management. 
In order to improve the rural environment, firstly, we should reduce the consumptive footprint of rural 
solid waste. The main counter measures included the development of ecological agriculture and organic 
agriculture, reducing solid waste emissions in rural areas, strengthening straw manure, protecting 
agriculture and the rural ecological environment, and choosing comprehensive environmental measures 
which generate less consumptive footprint to manage rural waste, livestock farm waste. We should carry 
out environmental publicity and education oriented to township cadres, farmers and rural students in 
primary and middle school, and enhances their awareness of environmental protection, and ultimately 
solves the fundamental solid waste pollution problems in rural areas, ensure sustainable economic 
development and further improvement of the ecological environment in rural areas. 
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